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CHAPTER 1. LITERATURE REVIEW 
Barnes (1) describes atherosclerosis as a natural sequence of events 
which has allowed heart attacks to become a major killer. The author 
contends that disease prevention through modern medical techniques has 
increased life expectancy and, therefore, has allowed more deaths due to 
atherosclerosis. To quote Barnes, "There is little hope of abolishing 
atherosclerosis; to do so would be the equivalent of discovering perpetual 
motion". Many do not agree with this theory and thus the search for 
preventative measures against atherosclerosis continues. Reviews of epi­
demiology and etiology may lead to some answers. In a review of possible 
causative factors, Morris and Gardner (2) cite studies on (a) physical 
inactivity, (b) behavioral competitiveness (stress) and (c) cigarettes. 
Mann (3) cites (a) hypertension, (b) exposure to carbon monoxide, (c) 
consumption of surface active chemicals used to preserve foods and (d) 
lack of physical activity. Brown et al. (4) also Indicate lack of 
physical activity bb an important fàêLwr. Russek ônù Rubsëk (j) pldûê 
major blase on emotional stress. Weiss (6) convicts cigarette smoking. 
Plessa cholesterol concentration was proposed in the Frasinghem 
report (7) as a prime predictor of hsart disease. This study concluded 
that risk of coronary heart disease was correlated positively with serum 
cholesterol concentration in humans and that very low density lipoproteins 
in the blood plasma were even a better predictor of risk for women. Diet 
has probably received the most study as a possible causative factor, due 
to its effect on plasma cholesterol content (8-16). In a review of the 
findings of the International Atherosclerosis Project (17), the severity 
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of atherosclerosis was linked both with serum cholesterol concentration 
and with the proportion of dietary calories derived from total fat. 
This review of literature Includes findings on both atherosclerosis 
and coronary heart disease. Coronary heart disease data are included in 
some instances because the International Atherosclerosis Project (18) 
found in its reviews that coronary heart disease victims usually have 
more atherosclerosis than "normal" individuals. Also, coronary athero­
sclerosis is apparently a primary factor in coronary heart disease 
development. 
Metabolism of Cholesterol 
Cholesterol in mammalian plasma may come from either exogenous or 
endogenous sources (19,20). Exogenous or dietary cholesterol is absorbed 
from the diet as described in the following general scheme. Lipases in 
the small intestine hydrolyze triglycerides into free fatty acids, 
monoglycerides and glycerol. Dietary cholesterol in the upper small 
intestine is absorbed in the free state along with monoglycerides and 
free fatty acids (21-23). Within the intestinal mucosal cell, free fatty 
acids may be re-esterified with glycerol and monoglycerides to fowa tri­
glycerides again. Cholesterol, cholesterol-ester, some phospholipid 
and the triglyceride complex with lipoprotein to form chylomicra and very 
low density lipoproteins which enter the lacteals of the lymph system 
to be carried to the blood via the thoracic duct. In the arterio-venous 
system all lipoptotein fractions contain cholesterol, but in varying 
amounts (22). During circulation, endothelial lipoprotein lipases from 
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the vascular system may hydrolyze triglycerides of the chylomicra and 
lipoproteins for removal from the blood. Circulating cholesterol will 
be rapidly removed from the blood by Kupffer cells of the liver (22,24). 
Synthesis of endothelial lipoprotein lipase is mediated by insulin and 
any malfunctioning in this role may allow an abnormal increase in chylo­
micron concentration in the blood. Maximal release of lipoprotein lipase 
can be caused by intravenous injection of heparin (22). 
In the human, two-thirds of the blood plasma cholesterol is bound to 
fatty acids (esterified) while one-third is free (21,22,25). 
Endogenous cholesterol synthesis occurs mainly in the liver and the 
wall of the lower intestine (21,23,26), but may occur in any portion of 
the gastro-intestinal tract, skin and other tissues (19,23,27,28). In 
the rat (26) and squirrel monkey (29), the liver and gastro-intestinal 
wall account for 907. of the cholesterol synthesized by the body. Intes­
tinal synthesis of cholesterol occurs in the crypts of Lieberkuhn which 
line the intestinal lumen (23,28). Liver cholesterol is presented to the 
small intestine via bile for absorption. Bile diversion from the small 
intestine markedly increases intestinal cholesterol synthesis in rats and 
monkeys to compensate for decreased cholesterol absorption (28). 
Although the amount of dietary cholesterol may fluctuate sharply, 
plasma cholesterol level in most mammals remains relatively constant from 
day to day (21). In dogs (30) and rats (22,23), feeding of cholesterol 
depressed hepatic synthesis of the compoumd. High dietary levels of chol­
esterol usually elevate the plasma cholesterol concentration of the dog 
less than 1007., whereas in the rabbit, high dietary levels may elevate 
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plasma cholesterol to 8 to 10 times normal (31). Apparently, negative 
feedback of dietary cholesterol on liver synthesis of cholesterol prevents 
very high plasma levels in the dog but has no effect on intestinal syn­
thesis (30). Infusion of cholesterol into the blood of rats depressed 
synthesis by the liver but had no effect on intestinal synthesis (28). 
Evidence of a feedback mechanism on cholesterol synthesis in man is 
controversial. Several experiments (32-34) appear to demonstrate a 
hepatic feedback mechanism; Dietschy and Gamel (35) propose a feedback 
mechanism for intestinal synthesis. But, according to some authors, man's 
relatively constant day to day plasma cholesterol level is due to a limited 
ability of the intestine to absorb exogenous cholesterol rather than to 
feedback, ttyant (21), Kaplan (30) and Taylor (36) suggest an absorption 
maximum of 300 to 300 mg of cholesterol per day, while Karvinen et al. 
(37) suggest 2 to 3 g per day. In the Masai of East Africa, a 
negative feedback of dietary cholesterol on hepatic synthesis has been 
well uêmÛMBLLÛLêu {38.391, but Liiê Hâââl ûûpcât lO uc âulë tO âuSûrb mûïc 
cholesterol than can Americans. 
Siperstein and Pagan (40) conclude that inhibition of cholesterol 
synthesis by the negative feedback system occurs in the conversion of 
6-hydroxy-B-methyl-glutarate to mevalonate through inhibition of the 
enzyme g-hydroxy-g-methyl-glutaryl-CoA reductase. 
The gastro-intestinal tract is the major route of cholesterol removal 




A review of the literature clearly indicates that diet has a signif­
icant effect on plasma cholesterol concentration in man (8,11-14,16,41). 
Lipids probably have received the most attention. 
Major controversy has arisen concerning the relative dietary effects 
of saturated and unsaturated fats^ Epidemiological studies of 37 
countries showed a strong positive correlation between death rates and 
level of consumption of saturated fat (12). Numerous authors have 
published data indicating that dietary saturated fats increase absorption 
of cholesterol and consequently increase plasma cholesterol (9-14). It 
has also been proposed that replacing saturated fats in the diet with 
polyunsaturated fats will lower p) sma cholesterol concentration (9). 
Dietary palmitic acid has been implicated as a relatively important hyper-
cholesterolemic factor by Keys et (13). Yamamoto et (9) found 
that rats fed lard at 17, and 5% of their diet had higher plasma choles­
térols than those fed soybean oil at the same level. In all cases the 
addition of cholesterol to Yamamoto's diets significantly increased plasma 
cholesterol, but the increase was greater in lard-fed rats. Nestel e£ al^ , 
(8) showed that polyunsaturated ruminant fats (created by feeding the 
ruminants seed oils coated with formaldehyde-treated casein) fed to six 
healthy humans £ot ouc moiitu reduced their plasma chclcstercl by 10%. Ir. 
five of the subjects, sterol excretion was increased. 
In humans, Mellinkoff et al. (41) replaced normal diets for 21 days 
with one high in long-chain unsaturated fatty acids and low in short-chain 
saturated fatty acids; total fat content was held relatively constant. 
The experimental diet significantly decreased serum cholesterol and plasma 
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total lipids. Reiser (42) and Mann (3) do not agree that polyunsaturated 
fats alone are less atherogenic. Reiser contends that most experimental 
diets containing polyunsaturated plant fats also contain plant sterols 
and that the effect of lowered plasma cholesterol concentration may be 
due to the sterols rather than to the polyunsaturates. 
Cholesterol 
The relationship of added dietary cholesterol to plasma cholesterol 
has been extensively explored in many species. Eggen and Strong (43) 
raised plasma cholesterol concentration in young and old baboons by adding 
butter and cholesterol to the normal diet. Kakita et a^. (44) created 
high plasma cholesterol in cockerels with various cholesterol-supplemented 
diets. Ginter and Ondreicka (45) created hypercholesterolemia in guinea 
pigs with added dietary cholesterol. Wiggers et al. (46) created hyper­
cholesterolemia in milk-fed calves by the addition of cholesterol to a 
high-fat liquid diet, but were unable to alter plasma cholesterol concen­
tration with the addition of cholesterol to dry grain diets. 
In humans, Wilson et^ (47) reported that even at high levels of 
dietary cholesterol not more than 257. of serum cholesterol came from the 
diet. They concluded that limited ability to absorb dietary cholesterol 
is the most isçortant factor ir. the hissari's rslstively constar.t plastsa 
cholesterol concentration. Grande et a^ . (48) and Keys al^ . (49) 
reported that serum cholesterol levels of humans were proportional to the 
square root of dietary cholesterol content. The change in serum choles­
terol between two dietary cholesterol levels could be calculated by the 
following formula (49): 
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A Serum cholesterol (mg/lOO ml) = 
1.5(Û dietary cholesterol in mg/1000 kcal)0'5. 
Keys et al. (49) concluded that over a range of "nonaal" dietary choies 
tercl intake, reduction of dietary cholesterol by 30% reduces serum chol­
esterol by less than 10 mg per 100 ml, and, therefore, dietary choles­
terol control may be a minor method of plasma cholesterol regulation, 
Mattson et a^. (50) fed various diets consisting of 407. of the 
dietary calories as saturated fatty acids and 127. of the dietary calories 
as polyunsaturated fatty acids. Adding cholesterol to all diets elevated 
serum cholesterol at a rate of 12 mg per 100 ml serum for every increase 
of 100 mg of dietary cholesterol per 1000 kcal of diet. He concluded that 
dietary cholesterol is the most important determinant of serum cholesterol 
concentration. Kudchodkar al. (51) also suggested that absorption of 
dietary cholesterol is proportional to intake. 
Krltchevsky (32) concluded that, in rabbits fed a semi-synthetic 
diet, chclestercl plus saturated fat in the diet are siore atherogenic than 
cholesterol plus unsaturated fat at the same level. The addition of free 
fatty acids at 0.257. to 0.507. of the cholesterol-saturated fat diet further 
increased its atherogenlcity. Adding saturated fat to a normal diet did 
not increase atherogenlcity but addition of saturated fat to a semisynthetic 
diet did. In the semisynthetic diet, atherogenlcity was somewhat dependent 
on the type of carbohydrate used as the energy source; starch vias more 
atherogenic than sucrose which was in turn more atherogenic than glucose. 
Both Krltchevsky (52) and Grande et a^. (11) demonstrated that saturated 
Gi8 fatty acid had an insignificant effect on plasma cholesterol, but 
saturated Ciô fatty acid significantly increased plasma cholesterol. 
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The Masai of East Africa consume a diet composed largely of animal 
fat (nearly two-thirds of their estimated 3000 kcal in the average daily 
diet is derived from fat) and high in cholesterol (600 to 2000 mg per per­
son per day) (38,39). Autopsied Masai have fatty streaks in the aorta 
and coronaries and occasional non-fatty intimai thickenings and fibrous 
plaques, but the population has a very low average plasma cholesterol con­
centration (135 mg per 100 ml average) and a strikingly low incidence of 
coronary heart disease and atherosclerosis. The Masai apparently possess 
an efficient negative feedback system of dietary cholesterol on liver syn­
thesis of cholesterol. 
Plant Sterols 
In 1973, Subbiah (53) published a review of plant sterol metabolism 
and the effects of plant sterols on cholesterol metabolism. He concluded 
that plant sterols in the diet are both anti-hypercholesterolemic and 
hypocholesterolemic. Absorption of cholesterol from the gut is decreased 
by plant sterols, and plasma cholesterol concentration in humans can be 
lowered by sitosterol feeding even in the absence of dietary cholesterol. 
This may be due to loss of biliary cholesterol, but rats injected intra-
peritoneally with g-sitosterol also had decreased plasma cholesterol. 
Baricheilc and Federoff (31) and Gookson and Federnff (54) observed that 
as dietary cholesterol of rabbits increased, the amount of alfalfa needed 
in the diet to prevent an increase in plasma cholesterol also increased. 
The authors hypothesized that alfalfa in the gut either formed unabsorbable 
complexes with luminal cholesterol or competed with cholesterol at 
absorption sites. Cookson and Federoff (54) concluded that ^-sitosterol 
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was not the interfering agent. But Murphy et al. (55) found that rabbits 
fed supplemental cholesterol plus sitosterol exhibited less atheroscler­
osis than rabbits fed cholesterol only. Fishier-Mates et (56) showed 
that soy sterols decreased absorption of cholesterol from the rat intes­
tine and, therefore, increased hepatic synthesis of cholesterol through 
inhibition of the negative feedback control system. 
Carbohydrates 
Type of dietary carbohydrate and level of sucrose consumption have 
been suggested to affect lipid metabolism and atherogenesis (57). Goldrick 
et al. (58) tested the effect of excess dietary carbohydrates on plasma 
cholesterol. He fed a normal diet to two men at 33% excess of their daily 
energy requirement. A third man received the normal diet at minimum daily 
energy requirement plus 22% excess energy from added glucose. A fourth 
man consumed the normal diet at minimum daily energy requirement plus 35% 
excess energy from added fructose. After thirteen days no differences in 
plasma cholesterol had occurred. Keys (59) concluded that there was no 
basis for incrimination of sucrose as a hypercholesteroiemic agent in the 
human diet. In a sixteen month experiment, Lang and Barthei (60) tested 
the effect of dietary sucrose and dextrin on three species of non-human 
primates. Sucrose or dextrin was fed to the three species at 66% of their 
diet on a weight basis. Two species (A and B) showed no difference in 
serum cholesterol concentration between the dietary carbohydrate sources. 
In species C, however, the dextrin diet created a significant increase in 
plasma cholesterol and the sucrose diet increased deposition of cholesterol 
in the aorta. 
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Short-term isocaloric replacement of sucrose by complex carbohydrates 
in normal diets of normolipemic humans created no significant response in 
plasma cholesterol (61), but dietary calorie restriction to about 75% of 
normal did significantly raise serum cholesterol after 14 days. O'Brien 
et al. (62) divided cholesterol-fed rabbits into low-fat sucrose, low-fat 
starch and high-fat starch diets to evaluate dietary carbohydrate effects 
and found no between-treatments differences in plasma cholesterol concen­
tration or in aortic deposition of cholesterol. 
Other Dietary Constituents 
Various other dietary constituents or additives have been suggested 
to be anti-hypercholesterolemic. It is suggested that high fiber content 
in the diet may increase bile acid excretion and, therefore, decrease 
serum cholesterol (63). Cholestyramine, an insoluble chloride of a basic 
anion exchange resin, has been shown to significantly decrease plasma 
cholesterol and increase fecal excretion of endogenous steroids in man 
(64). In the rat, tomatine, a tomato plant derivative, apparently also 
complexed with cholesterol in the gut to increase cholesterol excretion 
but had no effect on bile acid excretion (65). Lecithin has been shown to 
decrease cholesterol uptake by in vitro preparations of rat intestine (66). 
Lecithin is thought to cause expansion of the cholesterol-containing 
micelle to reduce the permeability of the gut wall to the micelle. Both 
spinach and wakame, a seaweed, increased cholesterol loss as neutral 
sterols in the feces of cholesterol-fed rats (67). Spinach apparently 
increased conversion of cholesterol to coprostanol. No component of either 
spinach or wakame was identified as the anti-hypercholesterolemic agent. 
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Oral administration of clofibrate (chlorophenoxyisobutyrate) 
decreased plasma cholesterol in humans (68,69). Kudchodkar et al^. (68) 
decreased plasma cholesterol in 16 hypercholesterolemic humans by 22% 
with clofibrate feeding. With tracer studies they showed a decrease in 
cholesterol synthesis and hypothesized a block somewhere between acetate 
and mevalonate. 
Various authors also suggest vitamins as anti-hypercholesterolemic 
agents. Eskelson and Lawrence (70) injected rats intraperitoneally with 
vitamins A, D, E and K singly and in combinations over a period of four 
weeks and then sacrificed them. Cholesterol synthesis vitro in liver 
sections from these rats was not significantly different from controls 
for any of the vitamins fed alone. Vitamin mixes of A-D-E or A-D-K also 
did not affect synthesis, but mixtures of A-E-K, D-E-K and A-D-E-K 
decreased the cholesterol synthesis of liver ^  vitro. Quail fed diets 
deficient in vitamin A had a higher incidence of coronary and aortic 
atheroscierosi* rhan birds fed normal ùinouuLâ of vitamin A (71). 
Coronary arteries of A-deficient chicks showed intimai thickening and 
reduplication of the internal elastic lamina; aortic lipids in chicks were 
also increased. In one study (72) one gram of vitamin C fed daily to 
humans under 23 years of age caused a downward trend in serum cholesterol 
level. The author suggested that atherosclerosis is the result of a long-
term deficiency of vitamin C. In guinea pigs, long-term vitamin C 
deficiency caused significant increases in liver cholesterol stores when 
diets high in saturated fat were fed (45). 
Nicotinic acid (niacin) was shown to decrease plasma cholesterol in 
five hypercholesterolemic humans (73). The serum decrease was associated 
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with a significant increase in fecal excretion of neutral steroids of 
endogenous origin. 
Calcium carbonate added to the diet of cholesterol-fed rats for 21 
days (74) and hyperlipidemic humans for one year (75) resulted in signif­
icant lowering of serum cholesterol concentration. Calcium carbonate 
and vitamin D2 fed together also significantly lowered serum cholesterol 
in cholesterol-fed rats (74) and "normal" elderly humans (76). Mann (3) 
concluded that "hard water" (high calcium content) is one of the factors 
protecting human populations from coronary heart disease. 
Exercise 
Physical activity levels and their inter-relationships with athero­
sclerosis have received much attention in the popular press of late. The 
mushrooming interest in bicycling and jogging of the early 1970's attests 
to the effect of the press. Evidence of beneficial effects of physical 
activity on human atherosclerosis and lifespan is sketchy and contro­
versial to say the least. If exercise is a significant means of reducing 
heart disease, it may be one of the easiest preventative programs to 
implement since the public's excitement has already been aroused. As 
opposed to dietary changes which have been suggested, exercise may not 
leave a psychological feeling of deprivation, but rather a feeling of 
well-being due to increased physical capabilities and awareness. 
Fox e£ al^. (77), in a review of fourteen occupational studies, found 
a significant decrease in coronary heart disease, myocardial infarcts and 
mortality for more active groups in thirteen of the studies. These authors 
concluded that physical activity may decrease liklihood of ischemic damage 
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to heart muscle, but has little influence on coronary atherosclerosis. 
They also concluded that fasting plasma triglyceride level is lowered by 
routine physical activity and resting heart rate may be lowered in 
trained individuals. The authors allude to the possibility that, although 
some groups of workers experiencing high levels of physical activity have 
less coronary heart disease, the results may be confounded by other fac­
tors influencing the type of person that chooses a specific occupation. 
Proper studies should randomly choose subjects and assign physical 
activity rather than conçare occupational groups. 
Cançbell (78) conçared inactive college freshmen to freshmen partici­
pating in 10 weeks of cross-country running and found significantly 
decreased plasma cholesterol in the runners. No plasma cholesterol 
changes were observed during the same period for other freshmen partici­
pating in wrestling, weight lifting or gymnastics. Golf produced an 
insignificant decrease. No body weight data were provided. In another 
investigation, CampDeii and Lumsden (79) found ih*L liglii. ticaduiill 
exercise significantly decreased serum cholesterol in obese individuals, 
but increased serum cholesterol in slim individuals. 
Holloszy et al^. (80) "endurance-exercised" a group of previously 
sedentary middle-aged men for six months to measure plasma lipid changes. 
At the end of the trial the men had significantly increased their tread­
mill work load capacity while maintaining mean body weights. Subjects 
who lost weight showed significant serum cholesterol decrease during the 
weight loss, while subjects gaining weight had increased serum choles­
terol. Average serum triglycerides decreased significantly, but some 
subjects showed very strong fluctuations during the experiment. Apparently 
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serum triglycerides declined in response to each period of physical 
activity and rose again if 40 hours or more elapsed between exercise and 
blood sampling. Shane (81) found that treadmill exercise decreased serum 
cholesterol and triglycerides in adult human males. 
The effects of exercise on the cardiovascular system and general 
health are not limited to plasma lipids. In young military men partici­
pating in moderate exercise for two hours daily for two months, there 
were significant increases in physical work capacity and maximal oxygen 
consumption when measured by bicycle ergometer testing (82). Heart volume 
and total blood volume remained unchanged, but hematocrit increased. 
Middle-aged men in poor condition, participating in a six-week period of 
mild exercise, such as jogging in place for 12 minutes daily, had signif­
icant increases in work capacity and decreases in systolic blood pressure 
and heart rate during specific work loads on the bicycle ergometer (83). 
Serum triglyceride concentration did not change at this low level of 
phyciczl activity. DeVries (24) postulated th»t ever. er^loyed 
at progressive levels can create significant increases in cardio­
vascular fitness, but as fitness increases, the exercise intensity must 
again increase to bring about further improvement. 
Malinow e^ al. (85) and Malinow and Perley (86) showed that acute 
physical activity increased turnover of intravenously injected 26-^^C-
cholesterol as 1^ C02 in rats (85) and in man (86). Askew et al^ . (87) 
found that in rats, physical training increased fatty acid mobilization 
from adipose tissue through adaptation of epinephrine-sensitive lipase 
activity. Allard et^ (88), working with ten patients with previous 
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histories of coronary attack, found increased serum cholesterol after 
13 weeks of exercise. 
Animal studies are nearly essential to investigate gross and histo­
logical changes of the cardiovascular system caused by specific exercise 
experiments. Froelicher (89) has reviewed animal studies of the effect 
of chronic exercise on the cardiovascular system and atherosclerosis. 
His review covered several topics which I do not intend to discuss, 
including: cytological and histological changes of the myocardium, changes 
in metabolic performance of the heart and skeletal muscle, and coronary 
artery changes. He also discussed the effects of exercise on serum chol­
esterol and atherosclerosis, topics which I will explore further. 
Link e;t al. (90) fed liberal amounts of an atherogenic diet to minia­
ture pigs during a twenty-two month exercise program. Non-exercised pigs 
ate less of the ration but gained more weight. Serum cholesterol increased 
in both groups but was higher for females than males in both exercised and 
between exercised and non-exercised pigs within sex groups. There was 
significantly less coronary and aortic atherosclerosis in exercised pigs, 
both male and female, as measured by total surface area involved in fatty 
streaking and atheroma. Atherosclerotic lesions were more prevalent in 
the thoracic portion of the aorta in all groups. Coronary arteries were 
slightly larger in exercised pigs than in their non-exercised counterparts. 
Ahrens and Broxton (91) were able to significantly decrease serum choles­
terol concentration in rats fed a "normal" human diet by severe or 
exhaustive chronic exercise. They found that moderately exercised rats, 
when compared to either the severely exercised animals or the control 
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animals, gained less weight, had less carcass cholesterol accumulation 
and displayed less severe Sudan IV staining for lipids in the aorta. 
Papadopoulos aj^. (92) were able to lower rat serum triglycerides and 
cholesterol with only four weeks of swimming. Hanson e^ al. (93) found 
that exercised calorie-restricted rats had significantly higher serum 
cholesterol than non-exercised rats fed the same diet. McAllister e_t a^ . 
(94) induced hypercholesterolemia in dogs by thiouracil and cholesterol 
feeding and then exercised one-half of the group on a treadmill five miles 
per day, six days per week, for 14 to 16 months. The exercised dogs had 
higher plasma cholesterol, but the diet was completely unphysiological 
with cholesterol contributing 5% by weight. Upon autopsy, aortas of the 
exercised dogs displayed more severe gross and histological atherosclerotic 
damage. 
In defense of physical activity, Katz (95) went so far as to say, 
"The evidence that exercise lessens experimental atherogenesis is unequi-
iTor* o 1 14 o h h ra f- nVrvroHlool c1 o y"OGl--irtrr 
increases stoke output but does not increase maximum heart rate, Frick 
(96) is in agreement with the first two conclusions by Katz. 
Atherosclerosis in Ruminants 
T /-Î f Ù~J \  c%%v%ta\raA n r\y  ^  o c P v 0 1A t-/-i 
old cows and observed gross lesions in 53.5% of the cases. Of these, 
almost all lesions (97 .27») were in the abdominal portion of the aorta. 
Compared to this finding, Prasad £t_ al^. (98) surveyed 1325 goat aortas 
and observed gross lesions in 64.2% of the cases, but most lesions occurred 
in the thoracic aorta. In the bovine study of Likar and Robinson (97), 
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lipids occurred in the aortic intima and inner media while Prasad et_ al. 
(98) found lipid mainly in the intima. Likar ^  al. (99) showed simi­
larities of lipid patterns in bovine and human serum and arterial wall 
thereby stimulating interest in the bovine as an experimental model in 
atherosclerosis research. In the same study no correlation was found 
between the amount of cholesterol and total lipid in the diseased aorta 
wall. In other observations, Likar e_t al^. (100) and Likar et al^. (101) 
characterized thrombus-associated constrictive intimai thickenings in the 
coronary arteries of 28 of 51 adult dairy cattle. Stout and Bohorquez 
(102) examined aortas from 79 exotic ruminants (zoo animals) and found 
fatty lesions in 40 animals and fibrous plaques in 23 animals. Some 
medial calcification was also observed. 
Wiggers e^ (103) reported naturally occurring sudanophilic lesions 
in aortas of sheep, goats, deer and caribou. Some cases included calcium 
deposits in the intima or media. Wiggers et al. (46) also noted lipid 
limited milk and grain. In histological preparations, fatty deposits and 
corresponding cholesterol deposits were found to be limited to the arterial 
intima. Prasad et al. (98) characterized lipid deposits in goats as extra­
cellular and in the superficial part of the thickened intima. 
Stehbens (104) described localized intimai proliferation in steers and 
sheep but reported no calcification of arteries. Roser and Magarey (105) 
found aortic and coronary lipid streaking to be very common in sheep sampled 
at abattoirs. Streaking increased in frequency and extent with advancing 
age. Seventy-five percent of the lambs and 97% of the aged sheep contained 
fatty arterial lesions, but calcium deposits were uncommon. Skold et al. 
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(106) collected aortas of 30 apparently healthy dairy cattle aged 3 to 
10 years. Contrary to the findings of Likar and Robinson (97) and Likar 
et al. (99), Skold et al. described no thoracic aorta plaques and only one 
aorta with fatty lesions. HcKinney (107), studying 12 young adult African 
buffalo, found lipid accumulation in the aortic intima of all animals. 
Lipid was most common near arterial ostia and varied in degree of accumu­
lation from a very minor amount of aorta surface involvement to nearly 
1007. surface involvement. Some fibrous plaques were observed, mostly in 
the lower-thoracic and upper-abdominal region. The intimai surface was 
often quite thickened and acellular. Elastic lamina appeared either 
reduplicated or incomplete in some areas. No calcification was observed. 
McKinney also observed that lesions in some human aortas were similar to 
those in the African buffalo. Less cholesterol was found in the buffalo 
aortas than in the human aortas studied. 
Arteriosclerotic-type complications have been observed in cattle 
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Aortic lesions were very common in infected cattle and goats. In both 
studies, calcium deposits and sub-intimai fibrous plaques were identified, 
associated mostly with the thoracic aorta. 
McKinstry et al. (110) compared arteriosclerosis in two surgically 
altered forestomach-bypass calves and two normal calves, all fed milk 
replacer only. The "bypass" calves had significant arteriosclerotic 
changes in heart and arteries whereas only one arterial lesion was found 
in the non-altered calves. Bypass calves were unthrifty, had greatly 
distended gall bladders and mottled lungs. McKinstry made no note of 
vitamin and mineral supplementation in the liquid diet, though dietary 
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magnesium may be critical in this case. Smith (111) has reported that 
magnesium absorption capacity decreased with age in the milk-fed calf, 
and Blaxter and McGill (112) found magnesium supplementation necessary 
for milk-fed calves. Moore et a^. (113) noted as early as 1938 that 
low magnesium diets in calves created calcification of yellow elastic 
tissues of the cardiovascular system. Lynd et_ a]^. (114) and Millers 
et al. (115) found arteriosclerosis developed in cattle pastured on 
forages deficient in magnesium, marginal in phosphorus and high in 
potassium. 
Histology 
For a review of the histology of atherosclerosis I refer to Wiggers 
(116).  
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CHAPTER II, EXPERIMENTAL STUDIES 
Most reported research employing the ruminant as an experimental 
model for atherosclerosis has been conducted at Iowa State University. 
These studies used the young calf in both ruminating and nonruminating 
states. 
In the following studies, the goat was evaluated as an experimental 
model. A further purpose of these experiments was to explore the effect 
of various dietary manipulations and exercise on atherosclerosis in the 
goat. The goat has been chosen because it is hardy, prolific and early 
maturing. It is smaller, and thus less expensive to maintain than the 
calf. Arterial changes with age in the goat are more similar to changes 
in man than are arterial changes in the rat. The goat is less resistant 
to the effect of dietary cholesterol than the dog, whereas the rabbit is 
hypersensitive to dietary cholesterol. The goat is less difficult to 
handle than the pig. The goat is relatively resistant to peritonitis and 
therefore may be a good candidate for surgical manipulations involving the 
vascular system. 
Goat kids, approximately one month old or less, were used in all but 
one study. Mature, ruminating castrated males were used in the remaining 
trial; 
Experiment I 
Six male and ten female goat kids were assigned to four dietary 
treatments to be fed for at least 24 weeks. The four treatments were 
designed to explore whether a graded response in blood plasma cholesterol 
in the goat could be elicited by manipulation of dietary fat and choles­
terol. 
Materials and methods 
Initially four animals were assigned to each group, and feeding of 
experimental diets was begun when the kids were two weeks of age. Diets 
xfere as follows (Table 2,1). 
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Diet L - (MlCG) Goats' milk was fed at 10% of body weight to six 
weeks of age; hay and a grain starter (6401)1 were available ad libitum. 
Cholesterol was added to the milk fed to each animal at 250 mg per kilo­
gram body weight daily until weaning; thereafter it was mixed with the 
starter. 
Diet 2 - (MG) Goats' milk was fed at 10% of body weight per ani­
mal daily in two equal feedings. Hay and grain were fed ^  libitum. No 
supplementary cholesterol was fed to this group. 
Diet 3 - (MCG) Goats' milk was fed at 10% body weight daily in 
two equal feedings. Hay and grain were fed ad libitum. Cholesterol was 
added to the milk fed to each animal at 250 mg per kilogram body weight 
daily. 
Diet 4 - (MC) Goats' milk was fed liberally (up to 20% body 
weight) plus cholesterol at 250 mg per kilogram body weight daily in two 
equal feedings. 
Table 2.1. Diets for Experiment I. 
Diet Milk fed to; Hay & Grain Cholesterol Code 
1 6 wk + + MLCG 
2 24 wk + - MG 
3 24 wk + + MCG 
4 24 wk - + MC 
iMix 6401 composed of, in %; ground shelled corn, 40; crimped oats, 
27; soybean meal, 20; molasses, 10; dicalcium phosphate, 2; trace mineral­
ized salt, 1. 
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Milk was fed to the &oats individually by nipple bottle to allow 
bypassing of the ruminoreticulum via the esophageal groove (117,118). 
Males and females were penned separately by group and fed hay and 
grain by group. Water was available at all times. The '/en for the MC 
groups had an elevated, expanded metal screen floor partially covered by 
rubber mats, while other groups were bedded on shavings. The screen floor 
aided in maintaining the MC goats on an all liquid diet. 
Venous blood samples were taken by jugular puncture within 24 hours 
of birth when possible and at 2, 4, 6, 8, 12, 16, 20 and 24 weeks of 
age. Plasma cholesterol concentration of each sample was determined by 
the Technicon Auto-Analyzer method (119). 
This experiment was terminated early due to discovery of Johne's dis­
ease (Mycobacterium johnei) in the mature does. All animals were sacri­
ficed regardless of time on experiment, and the hearts and aortas were col­
lected for gross and histological study. Collected tissues were fixed in 
10% neutral buffeied formalin as soon after removal as possible. After 
fixation, hearts and aortas were stained for gross lipid deposition with 
Sudan IV (120). Tissue sections were taken from various areas of the aorta 
for histological study. 
Results and discussion 
Consumption of diets was good except for occasional refusals of milk 
in the MCG and MG groups near the end of the trial. Growth rates are 
shown in Figure 2,1. Goats fed liquid diets (MC) gained slower throughout 
the experiment. 
Figure 2 . 1 , .  Body weights. Experiment I. 
M = milk, C - cholesterol, 
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Outward appearance indicated good health for all animals, but two 
animals from the MC group died during the experiment. Female No. 27 died 
at six weeks of experiment and was replaced with another female, No. 33. 
Number 33 subsequently died after only about ten weeks of experiment. 
Neither animal showed outward signs of illness. Number 33 had a greatly 
enlarged heart with increased ventricular and atrial volumes. The walls of 
all four heatL chc^hers were thin; thus the heart, though enlarged, was 
"flabby" in appearance. 
In this initial experiment the four treatments were designed to inves­
tigate the effect of cholesterol supplementation and various diets on 
plasma cholesterol in the goat. A graded response was elicited by manipu­
lation of the amount of dietary cholesterol and fat. During the experiment 
Johne's disease (Mycobacterium iohnei) was diagnosed in some of the mature 
females in the goat heic. For this reason all goats were sacrificed 
regardless of time of experiment. Johne's disease was not diagnosed in 
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of the herd only two goats from each treatment had completed 24 weeks of 
experiment. As can be seen in Figure 2.2, plasma cholesterol differences 
exist at 24 weeks, but when comparing groups MLCG VS MG, MG VS MCG and MCG 
vs MC, only the difference between the latter was significant (p < 0.1). 
If comparisons are made at 16 weeks of ag;-, MG was greater than MLCG 
(p < 0.1) and MCG was greater than MG (p < 0.05). 
Lowest concentrations of plasma cholesterol occurred during the hay-
' grain-cholesterol or "weaned" period of the MlCG diet. This is a high-
cholesterol, low-fat diet. The data for this group are essentially the 
Figure 2.2. :?lastna cholesterol concentrations, 
lîxperiment 1. M = milk, C = chol­
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same as for the MCG group during the first six weeks since the diets were 
the same for this period. 
The next higher plasma levels were for the MG group which received 
goats' milk and therefore had greater fat consumption and higher choles­
terol intake due to the cholesterol in the goats' milk. Average goats' 
milk contains about 14.0 mg of cholesterol per 100 ml of milk (121). 
When cholesterol was added to the ^  diet the MCG group was created 
and another increase in plasma cholesterol resulted. This diet was also 
intermediate in fat content but high in cholesterol. 
The highest average plasma cholesterol concentration was achieved 
with a high-fat, high-cholesterol diet or the MC group. 
When milk was removed from the M^CG group at six weeks, the milk fat 
as a potential carrier of cholesterol for micellar absorption was removed. 
An unknown amount of inhibition may be occurring due to plant sterols pres­
ent in the hay and grain. Possible effects of rumination are also un­
known factors, in the inG diet as previously mentioned, there is naturally 
occurring cholesterol plus milk fat as an absorption aid. VJhen this type 
of diet also contains added cholesterol (MCG) both fat vehicle and high 
levels of cholesterol are presented to the gut for absorption. Plant 
sterols and possible effects of rumination are again unknown factors in 
both the MG and MCG diets. Group MC was provided a liquid diet high in 
fat and cholesterol which therefore avoided both ruminai activity and 
plant sterols. The high fat content provided an excellent absorption 
vehicle for the supplemental cholesterol. 
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The heart of goat No. 22 (MC) had an enlarged lump on the left 
ventricle with gross exterior lipid deposits. The enlarged heart of No, 
33 (MC) has been previously described. The aorta from No, 33 was strongly 
sudanophilic as were all those from the MC diet. 
No gross staining for aortic lipids with Sudan IV was observed in the 
MjCG or MG groups. Correspondingly these groups had the lowest plasma 
cholesterol levels. Group MCG had only minimal gross staining, mostly 
posterior to arterial ostia in the abdominal aorta. No raised fatty 
plaques were obseirved in this group. All MC aortas had extensive, 
brightly stained, raised fatty plaques. The luminal surface of the aorta 
from No, 27 was nearly 1007. stained. 
Histological sections from grossly "normal" areas of these aortas 
had intact internal elastic laminae (lEL) and intima composed of a single 
layer of endothelial cells (Figure 2.3). 
Tissue sections from sudanophilic fatty lesions of the MC group had 
significant intimai thickening and multiple cellular layers (Figure 2,4). 
Much of the thickened intima was composed of lipid-laden "foam" cells as 
described in monkeys (122), turkeys (123), rats (124), dogs (125), apes 
(126) and man (127), Fragmentation of the lEL was observed, but no 
sections were shown to have reduplication. No sartu)les had fibrous 
plaques or calcification. 
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Figure 2.3. Cross-section of a grossly "normal" area of 
the abdominal aorta from an HGC goat show­
ing a single-layered endothelium and con-
tinous internal elastic lamina. Mayer's 
Hematoxlylin and Eosin. Line scale = 250 . 
Figure 2.4. Cross-section of abdominal aorta from an 
MC goat showing intimai thickening and foam 
cells. Mayer's Hematoxylin and Eosin. 
Line scale = 250 p . 
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Experiment II 
This initial exercise experiment was designed to explore the effect 
of exercise on goats fed both a high-fat, high-cholesterol liquid diet 
which would create elevated cholesterol levels and a low-fat, high-chol­
esterol dry diet which would not increase plasma cholesterol. 
Materials and methods 
Eleven two-week-old goats were assigned to four dietary and exercise 
treatments for at least 28 weeks. Treatments ara shown in Table 2.2. 
Table 2.2. Treatments for Experiment II. 
Treatment No. of animals Diet Cholesterol Exercise Code 
1 3 milk, liberal + + MCE 
2 2 milk, liberal - MC 
3 3 hay + grain + + HGCE 
4 3 hay + grain + - HGC 
Liberal milk indicates up to 20% of body weight per day. Animals in 
treatments HGCE and HGC were weaned from milk by four weeks of experiment. 
Hay and starter (6401) were fed libitum. All milk=fcd animals received 
supplemental vitamins A, D and E, plus magnesium oxide (NgO) and trace min­
erals dailyl. 
lEach milk-fed goat received a daily supplement of at least 2400 I.U. 
vitamin A, 220 I.U. of vitamin 02, 250 mg of vitamin E, 23 mg of MgO per 
kg body weight and 0.50 g of a trace mineral mix composed of, in %; CaCO^, 
64.5; MnS04, 12.5; FeCO], 10.0; FeS04, 5.0; ZnO, 4.0; CUSO4, 2.0; CaCO], 
1.5; CaI03, 0.2. 
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Treadmill exercise began at seven weeks of experiment and by eight 
weeks of experiment was upgraded to jogging at 4 miles per hour for 15 
minutes each day, five days per week per animal. Heart rates were taken 
periodically both pre-exercise and post-exercise on all animals. Non-
exercised animals were exercised for only one session during week 22 of 
experiment to obtain their post-exercise heart rates. 
Plasma samples were taken from each animal by jugular puncture bi­
weekly and analyzed for cholesterol by the Technicon method (119). Each 
animal was weighed weekly. At the end of the experiment all males were 
sacrificed; hearts and aortas were removed for gross and histological 
staining. Methodology was the same as for Experiment I. 
Males and females were separated and penned by treatment with all 
milk-fed goats on raised expanded metal screens partially covered with 
rubber mats. HG goats were bedded on shavings. Fresh water was provided 
daily. 
Results and discussion 
Diet consumption was good with only infrequent refusals to drink all 
of the milk ration in groups MC and MCE. Occasional diarrhea occurred 
in the MC and MCE goats. This probably resulted from the intake of an 
exclusively liquid diec for an extended period of time. Liquid-fed goats 
consumed milk at 20% of body weight readily; therefore, the ration was fixed 
at this level. Body weight gains are plotted in Figure 2.5. After twenty-
four weeks of experiment HGC goats weighed more than HGCE goats (p < 0.2) 
but there was no difference between MC and MCE goats. HG-fed goats 
weighed more than M-fed goats (p < 0.5). 
Figure 2.3. Body weights. Experiment II. 
H - hay, G - grain, C -
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Plasma cholesterol data are plotted in Figure 2,6. There was no 
difference between HGC and HGCE or between MC and MCE groups. The liquid 
diet (M) created significantly higher plasma cholesterol than the dry 
diet (HG) (p < 0.001). The liquid diet contained about 30.07. milk fat on 
a dry basis to aid in cholesterol absorption. The dry diet contained only 
about 4.5% fat on a dry basis and also contained natural plant sterols 
previously indicated to suppress cholesterol absorption. In Figure 2,6 
it is shown that during the first portion of the exercise period (through 
about week 22) the plasma cholesterol concentration of the MCE goats was 
lower than that of the MC goats, but the results reversed at week 24 for 
reasons unknown. The plasma cholesterol values for MCE goats continued to 
increase during the experiment showing no tendency to "level off" or 
stabilize due to moderate physical activity. Subsequent exercise exper­
iments were then designed with increased intensity of exercise, and more 
goats were available for allotment to treatments to explore the validity 
of the trends of these data. The general discussion following Experiment 
V will explore the results of exercise Experiments II, IV and V. Heart 
rate results of animals from Experiments li and iv will be groupeù and 
discussed in Experiment IV, 
Scant aortic staining with Sudan IV was noted in groups HGC 
and HGCE. A few examples of light staining were noted posterior to 
arterial oatia. Extensive lipid staining occurred in both sacrificed 
milk-fed goats. The aorta of the exercised aûlmal (No, 51) was visibly 
more sudanophilic than its non-exercised counterpart (No. 56). Nearly 
100% of the endothelial surface of aorta No. 51 accepted lipid stain. 
Both aortas had raised fatty plaques (Appendix Figure 1). Histological prepa­
rations of plaque areas contained thickened intimai areas heavily infiltrated 
with lipid-laden foam cells. Lipid staining with Oil Red 0 showed the 
lipid-rich foam cells to be limited to the thickened intima. The internal 
Figure 2.6. Plasma cholesterol concentrations, 
Experiment II. H = hay, (î = grain, 
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elastic lamina was indistinct or fragmented in some cases. No histo­
logical sections stained positive for calcium deposition or connective 
tissue proliferation. 
Experiment III 
The purpose of Experiment III was to characterize plasma cholesterol 
response of the goat when either a saturated or unsaturated fat was added 
to a cholesterol-rich diet. The subjects were mature, ruminating goats 
ranging in age from two to four years. 
Materials and methods 
Ten adult castrate-male goats were placed on one of two experimental 
rations high in cholesterol for twenty-two weeks. Both diets contained 
cholesterol at 100 mg per kilogram body weight per animal daily. Diet 
one (C) consisted of a starter (6401) plus dehydrated alfalfa pellets fed 
at approximately 2.5% of body weight daily. The cholesterol was mixed with 
this dry ration. Diet two (FC) contained the same ingredients as diet one, 
plus fat added at 3 g per kilogram body weight per animal daily. The chol­
esterol was dissolved in the fat and then both were mixed with the dry diet. 
During the first eight weeks, the fat in diet two was rendered tallow, for 
the next six weeks soybean oil was used, and then the animals were switched 
back to tallow again for six weeks. 
Plasma samples were taken weekly throughout the experiment from all 
animals by jugular puncture and analyzed for cholesterol concentration by 
the Technicon method (119). Prior to initiation of the experiment, plasma 
cholesterol was determined for two samples taken a week apart from each 
goat to establish a basal level for a "normal" dietary regime. 
Goats were housed and fed by group and bedded on wood shavings. Fresh 
water was provided at all times. Goats were weighed weekly. 
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Results and discussion 
The goats readily consumed the experimental diets, therefore no 
weigh-backs of unconsumed feed were needed. The animals were maintained 
in good health and all animals completed the study. Body weights are 
plotted in Figure 2.7. Cholesterol-fed (C) goats maintained body weight 
whereas fat + cholesterol-fed (FC) goats gained weight, as might be 
expected, due to the increased caloric content of the diet. 
Plasma cholesterol data are plotted In Figure 2.8. The data were 
analyzed by periods according to fat source of diet two. The results 
are summarized in Tables 2.3, 2.4, and 2.5. 
Table 2.3. Analysis of variance. Period I (weeks 0-8). 
Source 
of variation d.f. s.s. m. s. iipii 
Level of 
significance 
Treatment 1 135334.4 135334.4 16.22 .005 
Animal/Trt. 8 66751.2 8343.9 
Week 8 50722.4 6343.3 12.73 .005 
Trt. X Week 8 17514.8 2189.3 4.40 .005 
Remainder 8 31866.8 497.9 
The treatment effect is highly significant, indicating that the main 
effect of addition of tallow to the cholesterol control diet (C) increased 
plasma cholesterol. The main effect of weeks was also significant, indi­
cating that plasma cholesterol in the tallow-fed animals continued to 
Figure 2.7. Body weights, Experiment III, 
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Increase with time. The interaction of treatment and time was significant; 
it appears from the data plots that this difference can be attributed to 
the main effect of weeks being greater for the tallow diet than for the 
control diet. 
Table 2.4. Analysis of variance. Period II (weeks 8-14). 
Source 
of variation d.f. s.s. in* s « iipii 
Level of 
significance 
Treatment 1 12673.1 12673.1 2 a 97 U.S.* 
Animal/Trt. 8 34177.2 4272.2 
Week 5 5871.1 1174.2 3.73 .01 
Trt. X Week 5 679.9 136.0 0.43 n.s.* 
Remainder 40 12587.6 314.7 
*Not significant at p = 0.05. 
The lack of significance due to treatment indicates that the addition 
of soybean oil to the experimental diet as a fat source does not maintain 
the higher plasma cholesterol level created by tallow feeding. The 
effect of time (weeks) was significant due to the decreasing concentration 
of plasma cholesterol following Period I. Ideally, there should have been 
dietary adjustment between Period I and II. 
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Table 2.5. Analysis of variance, Period III (weeks 14-20). 
Source 
of variation d.f. s.s. m.s. iipii 
Level of 
significance 
Treatment 1 50460.0 50460.0 11.63 .01 
Animal/Trt. 8 3470717 4338.5 
Week 8 7320.9 1464.2 4.43 .001 
Trt. X Week 8 3915.8 783.2 2.37 n.s.* 
Remainder 64 13224.3 330.6 
*No significance at p = 0.05. 
As in Period I, treatment (adding tallow) significantly increased 
plasma cholesterol level. The effect of weeks was highly significant due 
both to an increase in plasma cholesterol over time in the FC group and 
a decline in the C group. For this reason the interaction test was also 
significant. 
Some authors (9-14) implicate saturated fats in the diet as being 
more atherogenic than unsaturated fats. On plasma cholesterol data alone, 
this experiment would support these conclusions. Soy sterols (56) and 
plant sterols in general (31,53-55) have been indicated to inhibit chol­
esterol absorption and cause decreased plasma cholesterol levels. There 
was no effect in the basal group (C) of the addition of cholesterol to 
the normal dry diet which supports conclusions in studies with calves by 
Wiggers e^ al. (46). This diet was low in fat, the vehicle for cholesterol 
absorption, and contained dehydrated alfalfa and soybean meal, both plant 
sterol sources. Therefore, this experiment also supports the theory that 
plant sterols are anti-hypercholesterolemic. 
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Experiment IV 
Experiment IV was planned with three purposes. Firstly, increased num­
bers of experimental units were needed to explore exercise trends observed 
in Experiment 11. Secondly, different levels of supplemental cholesterol 
were fed to explore whether a graded response in plasma cholesterol con­
centration would occur. Thirdly, the effect of the species source of fat 
in the diet on plasma cholesterol was explored by feeding either goats' 
milk or cows' milk to two groups of goats. 
Materials and methods 
Twenty-three two-week-old goat kids were assigned to five groups for 
at least 22 weeks as follows (Table 2.6): 
Table 2.6. Dietary and exercise treatments for Experiment IV. 
Group No. of animals Diet Added cholesterol^ Exercise 
G1 5: 2 cows' milk "250" 
3 cows' milk "250" + 
G2 Ô: 3 goats' milk "250" 
3 goats' milk "250" + 
G3 4: 2 goats' milk "175" 
2 goats' milk "175" 
G4 4: 2 goats' milk "100" _ 
2 goats' milk "100" 4-
G5 4: 2 goats' milk "25" -
2 goats' milk "25" + 
^Added cholesterol indicated in Table 4.1 ic in mg per kg body weight 
per animal daily and was fed in the milk. 
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Milk was fed at 107, of body weight per animal daily by nipple bottle 
in two equal feedings. All animals received vitamins A, D and E, %0 and 
a trace mineral mix as in Experiment 11, Males and females were separated 
and penned by group on raised expanded metal screens partially covered 
with rubber mats. Fresh water was available at all times. 
Treadmill exercise began at nine weeks of experiment and by ten weeks 
of experiment was upgraded to jogging at 4 miles per hour for 15 minutes. 
The animals were exercised five days per week. Heart rates of the exer­
cised animals were taken periodically both pre-exercise and post-exercise. 
Animals were weighed weekly. Weekly blood samples were taken from each 
animal by jugular puncture and analyzed by the Technicon method (119). 
After fourteen weeks of experiment, all diets were supplemented with corn 
and cob meal at 0.5% of body weight per day to attempt to control diarrhea. 
In previous experiments, occasional diarrhea occurred in animals receiving 
liquid diets. At termination of the experiment, males from each group 
were sacrificed. Hearts and aortas were collected for gross and histo­
logical observations and treated as in Experiment I. The heart, liver 
and gall bladder plus its contents wsrs weighed. 
Following the 22 weeks of experiment and prior to sacrifice of the 
males, diurnal variation of plasma cholesterol was calculated for 21 of 
the goats by taking plasma samples on the following schedule; hour of 
sampling - 0900, 1200, 1500, 1800, 2100. Feeding times were 0800 and 1700 
hours. The animals were not exercised on the sampling day. 
50 
Results and discussion 
Diet consumption was good, but the animals rarely consumed significant 
amounts of the water provided. 
General health of the animals during the experiment was good with 
decreased incidence of diarrhea, probably due to the feeding of the corn 
and cob meal. The corn and cob meal was fed after the milk and was con­
sumed almost immediately. 
In this experiment as in the three previous experiments, blood 
sampling was done as near the 1200 hour as possible. It was of interest, 
however, to see whether plasma cholesterol data would be affected by 
sampling time during the day. As described, after termination of the 
experiment, 21 animals were sampled five times during one day. There was 
no great difference due to sangling time as can be seen in the following 
table (2.7): 
Table 2,/, Diurnal variation of plasma cuulcaLciol concentrâticr..° 
Sançle time (hour) 0900 1200 1500 1800 2100 
Plasma cholesterol 
in mg/100 ml (mean 
of 21 animals) 294 290 296 293 297 
^Animals fed at 0800 and 1700 hours. 
It can be concluded that the time of sampling is not critical under 
these dietary conditions. 
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Figure 2.9 shows the average plasma cholesterol concentration of 
animals by dietary cholesterol group. The "250" group includes only 
those animals fed goats' milk. Animals fed cows' milk (Gl) were not 
included when it was discovered that unknown quantities of low-fat milk 
from experimentally fat depressed cows had been fed to this group. Ani­
mals fed cows' milk had lower average plasma cholesterol than their contem­
poraries fed goats' milk (G2) and were deleted from the reported results 
since the difference cannot be correctly attributed to either the decreased 
fat intake or the difference in fat source. 
All group plots in Figure 2.9 follow a similar trend. Only one data 
comparison showed a low level of significance. Plasma cholesterol level 
was greater for goats in the "250" group than for those in the "25" group 
with a low level of significance (p < 0.05), but all other comparisons 
showed statistically insignificant differences. By design the "250" group 
received ten times as much added dietary cholesterol as group "25". There­
fore, I must conclude that the addition of cholesterol to the diet above 
25 mg per kilogram body weight daily brings about essentially no additional 
plasma response. 
Following the previous conclusion, plasma cholesterol concentrations 
of exercised and non-exercised animals were compared by combining data 
from all groups fed goats' milk, G2 through G5 (Figure 2,10), Moderate 
exercise apparently did not affect plasma cholesterol level. When comparing 
the maximum plasma level obtained in this experiment to Experiment II, it 
must be remembered that during week 14 ox this experiment minimal grain 
feeding was begun. Though corn and cob meal was fed at only 0.5% of body 
weight daily, total plasma cholesterol level was decreased markedly. The 
Figure 2.9. Plasma cholesterol concentration, Experiment IV. 
Numbers in legend indicate mg of cholesterol 
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cause of this depression is unknown but it may be the effect of corn 
sterols as described in Experiment 111. 
Three exercised and three non-exercised males were sacrificed 
following the completion of dietary and exercise treatments. Aortas of 
both exercised and non-exercised males had extensive Sudan IV staining 
for lipid deposition. The luminal surface of the aortas contained 
multiple large raised, but smooth, areas of lipid staining (Appendix Figure 2% 
When all sacrificed exercised and non-exercised goats irrespective 
of dietary cholesterol level or fat source were compared, less staining 
was seen in the posterior abdominal aorta of exercised animals. This 
comparison also included female No. 98 ("250" + exercise) which died at 
the end of the experiment from undetermined causes. There was essentially 
no difference in staining of the thoracic region of the aorta. There was 
quantitatively little difference in staining of the aortas from animals 
receiving different dietary cholesterol levels. Animal No. 93 ("250" -
no exercise) was an exception to the above conclusions. The aorta of 
No. 93 was essentially 100% stained in the thoracic area and nearly com­
pletely stained in the abdominal area. More raised lipid plaques were 
noted in the posterior abdominal area of this aorta than in the other speci­
mens. Animals No. 100 and No. 115 ("250" - no exercise) died early in the 
experiment. They also had large lipid plaques in their aortas. 
Histological preparations from grossly stained areas of all aortas had 
major areas of intimai thickening composed of foam cells. This 
same intimai area stained strongly for lipid with Oil Red 0. The lEL was 
often disrupted or indistinct. No reduplication of the lEL was found and 
no calcified or fibrous plaques were evident. 
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Figure 2.11 shows heart rate data collected from animals In Experiment 
IV. The codes are as follows: 
Pre-E: pre-exerclse resting heart rates for exercised 
animals. 
Post-E: post-exercise heart rates for exercised animals. 
No-E: resting heart rates for non-exercised animals. 
Pre-E heart rates stabilized at about 100 beats per minute by week 
four of exercise. No-E heart rates were higher; this difference may be 
attributed to the improved physical condition of exercised animals creating 
an Increased stoke output, thus allowing a decreased heart rate (95,96). 
The No-E animals were unaccustomed to daily handling; seme of the varia­
bility in their recorded heart rates may well be due to excitement caused 
by handling, whereas the exercised group was accustomed to dally handling. 
The Post-E plot illustrates that heart rate immediately following 
exercise decreased with weeks of exercise. This agrees with published 
data by Terjung et al. (83) that show a decreased heart rate for trained 
animals in response to specific work loads. 
Post-exercise heart rates were taken for non-exercised goats in 
Experiment II following a single exercise period. One of the problems 
encountered was the unfamlllarity of the animals with the treadmill. Only 
two of the five non-exercised goats in Experiment II adequately completed 
A 1 «PM 4  ^A  ^i ** a rx A ^  4 /X 4 «««MM A ^  j X»  ^^  y» ** #« 
rate was 272 beats per minute, while their trained counterparts' rate was 
162 beats per minute. The heart rates of these two untrained animals 
were recorded at two minute intervals following the exercise period until 
they returned to normal (Table 2.6). Twenty-six minutes elapsed before 
Figure 2.11. Heart rates of animals in Experiment IV. 
Pre-F,: pre-exercise resting heart rates 
for exercised animal«. 
Post-E: post-exercise heart rates for 
exercised animals. 
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pre-exercise heart rates were re-established. In comparison, Table 2.8 
shows a much faster return to normal heart rate for four routinely exer­
cised animals. 
Table 2.8. Heart rate return to pre-exercise level in beats per minute. 
Minutes Post-E 
Animal Pre-E 0 2 4 6 8 10 12 14 16 18 20 22 24 26 
52® 152 320 240 224 204 200 192 180 168 180 164 160 156 156 152 
57" 124 228 168 164 164 164 156 156 156 152 144 136 132 128 124 
53 b 96 156 120 112 96 
59 b 100 188 144 140 140 140 128 124 124 96 
55 b 112 128 128 112 
58b 136 232 144 136 
^Non-trained. 
^Trained. 
Many experiments have shown that exercise increases maximal oxygen 
uptake and therefore cardiac efficiency (82,84,128,129). This increase 
in efficiency during activity of trained animals explains the faster re­
turn to normal heart rate seen for the exercised animals. The absence of 
change in resting heart rate of the trained animals agrees with results 
of a human experiment by Pollock et (128). 
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Experiment V 
Exercise Experiments Hand IV showed no effect of limited exercise 
on plasma cholesterol. Experiment V was designed to explore increased 
exercise intensity. The amount of daily physical activity per animal 
was doubled and animals were exercised seven days per week. A milk diet 
without added cholesterol was introduced to study the effect of exercise 
on atherosclerosis in animals consuming a high-fat, moderate-cholesterol 
diet. 
Katcicialâ and methods 
Twenty-six two-week-old goats were assigned to four treatments for at 
least 22 weeks. The groups were as follows (Table 2.9): 
Table 2.9. Dietary and exercise groups for Experiment V. 
Group No. of animals Diet Cholesterol Exercise Code 
G1 7 milk + + MCE 
G2 6 milk + - MC 
G3 7 milk - + ME 
G4 6 milk -
-
M 
All animals were fed goats' milk at 10% of body weight daily by nipple 
bottle in two equal feedings. Fresh water was provided daily. Choles­
terol, when fed, was added to the milk at 250 mg per kilogram body weight 
per animal daily. All animals received vitamins A, D and E, MgO and a 
trace mineral mix as in Experiment II. 
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Males and females were separated, penned by group and bedded on 
wood shavings. 
Blood samples were taken at least bi-weekly by jugular puncture and 
analyzed for plasma cholesterol content by the Technicon method (119). 
Treadmill exercise began during week nine of experiment and by week ten 
of experiment had been upgraded to jogging for 15 minutes at 4 miles per 
hour. The animals were exercised two times per day, seven days per week. 
Goats were weighed weekly. At termination of the experiment, nine males 
were sacrificed; hearts and aortas were removed for evaluation and treated 
as in Experiment I. The heart, liver and gall bladder plus its contents 
were weighed. 
Results and discussion 
Diets were readily consumed with only infrequent refusals to consume 
the entire milk allotment. Occasional cases of diarrhea also occurred, 
probably due tc the exclusively liquid diet. The snimsls adapted readily 
to exercise with only occasional refusals to properly exercise. 
Figure 2.12 illustrates that body weight gains of the various groups 
were similar. 
Plasma cholesterol concentration is plotted by group in Figure 2,13. 
Analysis of these plasma data was divided into two parts (periods). Period 
I includes data from the weeks prior to the start of exercise (weeks 0-8). 
Period II includes data from the weeks during the exercise treatment 
(weeks 10-22). Results of the analysis are shown in Tables 2.10and 2.11 
Figure 2.12. Body weights. Experiment V. 
M - milk, C = cholesterol, 
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Table 2,10. Period I. 
Source 
of variation d.f. s.s. m.s. "p" 
Level of 
significance 
Sex (S) 1 3418.2 3418.2 0.08 n.s.* 
Cholesterol (C) 1 1959778.7 1959778.7 47.00 .005 
S X C 1 8705.3 8705.3 0.21 n.s.* 
Animal/Trt. 21 85591.4 41694.8 
Weeks (W) 6 3186909.6 531151.6 104.03 .005 
S X W 6 2904.2 484.0 0.09 n.s.* 
C X W 6 1084577.3 180762.9 35.40 .005 
Remainder 126 643348.4 5105.9 
*NoC significant at p = 0.05. 
The main effect of cholesterol was significant, but the main effect of 
sex wao ûûL sigr.lficar.t. Ac in previcjç «rp«rrments wicli milk diets, 
dietary cholesterol greatly Increased plasma cholesterol. The milk pro­
vided a fat vehicle for cholesterol absorption. There was also a main 
effect of weeks; plasma cholesterol continued to Increase over time in 
the cholesterol-fed animals. The C x W main effects significantly inter­
acted due to the main effect of weeks being greater on the milk-choles­
terol -fed animals than the milk-fed animals. 
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Table 2.11. Period ii. 
Source Level of 
of variation d.f. s.s. m.s. ITPII significance 
Sex (S) 1 12390.1 12390.1 0.17 n.s.* 
Cholesterol (C) 1 9684663.5 9684663.5 129.35 .005 
Exercise (E) 1 82315.2 82315.2 1.10 n.s.* 
S X C 1 236118.0 236188.0 3.15 n.s.* 
S X E 1 2348.5 2348.5 0.03 n.s.* 
C X E 1 9016.0 9016.0 0.12 n.s.* 
Animal/Trt. 17 1273813.5 74871.4 
Week (W) 6 373734.8 62289.1 9.41 .005 
W X S 6 44690.0 7448.3 1.12 n.s.* 
W X C 6 226920.0 37820.0 5.71 .005 
W X E 6 41643.5 6940.6 1.05 n.s.* 
Remainder 102 675517.0 6622.7 
*Not significant at p = 0.05. 
As in Period I, only the main effects of dietary cholesterol (C), 
weeks (W) and the interaction of C x W were significant. Sex and exer­
cise had no ssin effect on plas=;a cholesterol. As previously indicated, 
a general discussion of all exercise results will follow the presentation 
of results of this experiment. 
The high level of plasma cholesterol for the cholesterol supple­
mented groups (MC and MCE) was predictable considering the results of 
similar diets in Experiments I and IV. No goats had previously been fed a 
milk diet without added cholesterol. This diet (M and ME) created a plasma 
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cholesterol concentration higher than the basal dry diets used in pre­
vious experiments, a response which probably was due to the naturally 
occurring cholesterol in the milk and the availability of milk fat as a 
vehicle for cholesterol absorption. 
Aortas from sacrificed male goats were stained for gross lipid depo­
sition with Sudan IV. Aortas from M and ME animals had only scant 
lipid staining. Minor staining was located posterior to the arterial 
ostia, and two small fatty streaks were found in the posterior abdominal 
area of one ME goat (No. 142). 
The thoracic region of aortas from MC and MCE animals was strongly 
sudanophilic with significant plaque accumulation visible to the naked 
eye (Appendix Figure 3). The anterior abdorainalregion in aortas from both MC 
and MCE animals was moderately stained, except for one aorta (No. 141) which 
was intensely stained. The greatest difference between groups occurred in 
the posterior abdominal region of the aorta. In this region the MC goats had some 
aligiitly làiàéd fatty streaks. The MCE gcatc hzd zzjor sreas of Intimai 
involvement including lengthy areas of large, raised sudanophilic plaques. 
There «as significantly more atherosclerotic involvement in the MCE ani­
mals when compared to the MC animals. 
Histological preparations were made from both grossly "normal" areas 
and visible plaques of animals from each group before Sudan IV staining. 
Sections from "normal" areas had a single cell intimai layer and a con­
tinuous easily identified lEL (Figure 2.14). Sections from plaque areas 
had major intimai proliferation and infiltration of foam cells (Figures 
2.15and2.16). The aortic arch of MC and MCE animals was extremely rough 
appearing and abrasive to the touch. Several small focal lesions «ere 
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Figure 2,14. Cross-section of a grossly "normal" area 
of the abdominal aorta from an ME goat 
showing a single-layered endothelium. 
Harris' Hematoxylin and Eosin. Line scale 
^ 250 y . 
Figure 2.15. Cross-section of abdominal aorta from an 
MCE goat showing extensive intimai thick­
ening and accumulation of foam cells. 
Harris' Hematoxylin and Eosin. Line scale 
= 50 )j . 
Figure 2.16, Cross-section of abdominal aorta from an MCE 
goat showing extensive intimai thickening, 
foam cell accumulation and the shattered 
appearance of a calcified plaque. Harris' 
Hematoxylin and Eosin. Line scale = 250 y . 
Figure 2.17. Cross-section of abdominal aorta from an 
M goat showing a calcified focal plaque. 
Harris' Hematoxylin and Eosin. Line 
scale = 250 p . 
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located in the abdominal aorta of animals from the MCE group; one focal 
lesion was located in the aorta from one M animal. Histological prepar­
ations of both the "rough" aortic arch and the focal lesions had a 
shattered appearance (Figures 2.16 and 2.17). Subsequent staining of 
these shattered areas was positive for calcium deposition. 
The only difference in treatment of the MC and MCE groups was the 
exercise. Therefore, it may be assumed that exercise was the causative 
factor in the increased atherosclerotic involvement of the aortas of the 
MCE group. This may not be taken as an indictment of exercise in cases 
other than under the specific conditions of this experiment. It must be 
remembered that a "quick" result was desired, and both dietary level of 
cholesterol and plasma cholesterol concentration were relatively unphysio-
logical. As established by the pre-trial plasma samples taken in Experiment 
III, goats fed a "normal" diet have a plasma cholesterol concentration of 
less than 100 mg per 100 ml. In Experiment V individual samples from 
choiesteroi-£ed animals often exceeded 1000 zg cf cholesterol per 100 tnl 
of plasma. 
The MC diet created such extreme hypercholesterolemia that one 
wonders whether many of the results obtained with this diet can be related 
to human health. In a study with dogs (94), exercised hypercholesterol-
emic dogs had a high plasma cholesterol and more severe aortic atheroscler­
osis than their non-exercised counterparts. Cholesterol content of the 
dogs' diet was extreme with cholesterol contributing 5% by weight. Are 
atherosclerotic changes created by such extreme levels of dietary and 
plasma cholesterol really meaningful? I suggest that more meaningful 
observations may be made on animals with less severe hypercholesterolemia. 
74 
Results obtained within the range of hypercholesterolemia equivalent to 
human risk may be more realistic. The Framingham study (7) found few 
humans in the general population with serum cholesterol concentration 
above 400 mg per 100 ml. The Framingham researchers indicated the bulk 
of human hypercholesterolemias to be between 250 and 350 mg of choles­
terol per 100 ml of serum. Research should probably be conducted using 
animals with plasma cholesterol concentration within or near this range. 
Two experimental diets appear to create a plasma cholesterol concentration 
in the goat within this range. The M diet fed in Experiment V caused a 
mean plasma cholesterol concentration of about 325 mg per 100 ml of plasma 
in unexercised goats. The EC diet in Experiment III created a mean plasma 
cholesterol concentration near 200 mg per 100 ml of plasma when tallow was 
the fat source. The exclusively liquid diet (M) must be fed by nipple 
bottle and may cause diarrhea. The dry diet may be more acceptable because 
it apparently can be fed to goats for an indefinite period without 
digestive upset. 
On the basis of three exercise trials using a total of 60 goats, it 
is concluded that there is no difference in plasma cholesterol due to 
exercise. The number of animals per group was limited in Experiment II, 
and plots of plasma cholesterol concentration show great variability. The 
plots of plasma cholesterol concentration of exercised and non-exercised 
animals in Experiment IV (Figure 2.10) are strikingly similar. Although the 
main effect of exercise on plasma cholesterol concentration in Experiment 
V was not significant, ME animals had higher plasma cholesterol than their 
unexercised counterparts (M) (p < 0.005) during the exercise period. 
75 
Cholesterol concentration during the exercise period tended to be more 
stable for these M-fed goats than previous MC-fed goats. 
Selected tissues were collected in Experiments II, IV and V. Num­
bers of sacrificed animals from each experiment were limited, therefore, 
results were pooled (Table 2.12}. There was little difference in heart 
weight when expressed as a percent of body weight, regardless of diet or 
exercise treatment. There were striking differences in liver weights 
when they were related to body weight. Livers from three animals con­
suming an HGC diet averaged 1.99% of body weight compared to 2.51% for 
three M-fed goats and 4.87% for eight MC-fed goats. The MC-fed goats 
from Experiment IV (MC+) also received corn and cob meal at 0.50% of body 
weight and are considered separately. Livers from these six MC+ goats 
averaged 2.55% of body weight. It is concluded that feeding a high-fat, 
high-cholesterol diet (MC) causes development of a larger liver than 
feeding a high-fat diet (M). Both of these diets caused development of a 
Larger liver than a. low-fat, high-cholestcrcl diet (HCC). The enlarged 
livers of MC, MC+ and M goats were yellow and fatty in appearance with 
a coarse inner texture. Livers from HG and HGC goats were "normal" in 
appearance - red with homogenous texture when sliced. The effect of a 
high-fat, high-cholesterol diet with supplemental grain (MGf) on liver 
weight is intermediate and approximately the same as a milk diet (M). 
The gall bladder and its contents were also much heavier in MC goats 
(66.3 g) than HGC goats (6.5 g). This increased bile formation is 
related to the greater need for emulsification of the fat in digestion 
of the milk diet. 
Table 2.12. Selected zissue weights of gcîits from Experiments II, IV and V. 
io. of Heart wt Liver wt Gall bladder Body wt, 
inimal Experiment Diet code® 8 % body wt S % body wt wt, gb kg 
56 II MC 191.5 0.55 1599 4.57 72.8 35.0 
51 II MCE 230.7 0.59 2104 5.38 148.0 39.1 
57 II HGC 170.5 0.50 668 1.96 5.6 34.1 
58 II HGCE 179.0 0.57 660 2.10 5.0 31.4 
60 II HGCE 180,0 0.51 674 1.90 9.0 35.5 
93 IV 184.0 0.52 1132 3.19 35.5 
96 IV MC+ 158.0 0.48 874 2.67 26.3 32.7 
99 IV MC+ 205.0 0.54 794 2.08 60.5 38.2 
92 IV MCE+ 135.0 0.60 795 3.50 22.7 
109 IV MCE+ 92.0 0.53 389 2.13 17.3 
113 IV MCE+ 106.0 0.47 396 1.74 22.7 
122 V MC 102.0 0.59 907 5.24 17.3 
127 V MC 138.0 0.78 901 5.09 74.0 17.7 
129 V MC 83.0 0.54 1052 6.83 30.0 15.4 
120 V MCE 108.0 0.50 602 2.76 11.0 21.8 
125 V MCE 797 4.74 62.0 16.8 
141 V MCE 110.0 0.50 870 4.35 20.0 
124 V M 82.1 0.45 488 2.68 10.5 18.2 
121 V ME 82.0 0.43 396 2.07 19.1 
142 V ME 98.0 0.53 517 2.78 18.6 
= milk, C = cholesterol, E = exercise, H = hay, G = grain. 
bpull gall bladder. 
'^Experiment IV received corn and cob meal at 0.50% of body weight from weeks 14 to 22. 
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CHAPTER III. SUMMARY 
One of the purposes of this project was to explore the usefulness of 
the goat as a model animal for atherosclerosis research. Previous studies 
in our laboratory have utilized the calf as the model animal. Compared to 
the calf, the goat is smaller, more prolific and ages faster, therefore 
it may be a more economical research animal. Figure 3.1 shows plasma 
cholesterol concentration for goats and calves fed comparable diets (HGC 
or MC). The data for goats were from Experiments 1 and II. The calf data 
were from research by Wiggers (116). The MC diet created significantly 
higher plasma cholesterol concentration in both species than did the HGC 
diet. After 22 to 23 weeks of experiment, goats fed the MC diet had a 
higher mean plasma cholesterol concentration than calves fed similarly 
(841 vs 397 rag per 100 ml of plasma), and goats fed the HGC diet had a 
higher mean plasma cholesterol concentration than calves fed the MCG diet 
(151 vs 101 sis par IOC si cf plasTsa). Plasisa cholesterol in the goat, as 
compared to the calf, is more responsive to diet. The goat is now being 
used as a model animal for atherosclerosis research in our laboratory. 
In Experiment I the response of the goat to various diets with and 
without added cholesterol was explored. The plasma cholesterol concen­
tration of goats fed a high-fat, high-cholesterol liquid diet increased 
markedly. A low-fat, high°cholesterol dry diet depressed plasma chol­
esterol. Aortas of animals with high plagma cholesterol were strongly 
sudanophilic and contained areas of thickened intima conçosed of lipid-
laden fosa cells. Aortas from animals with low plasma cholesterol did not 
show significaat lipid staining. These results clseely paralleled the 
Figure 3.1. Plasma cholesterol concentration of goats and calves fed similar diets. 
MCQ = milk and cholesterol diet fed to goats, 
MCc = milk and cholesterol diet fed to calves, 
HGCQ = hay, grain and cholesterol diet fed to goats, 
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findings in calves by Wiggers ejt al. (46). The results also agree with 
findings of the Framingham research team (7) indicting plasma choles­
terol concentration as a prime predictor of atherosclerosis. 
Experiment III explored the effect of dietary fat type on plasma 
cholesterol in mature goats. Results of Experiment III indicate that a 
diet containing added cholesterol and a saturated fat is more hyperchol-
esterolemic than a diet containing added cholesterol and an unsaturated 
fat. 
Experiments II, IV and V explored the effect of diet, level of added 
cholesterol and exercise on atherosclerosis. Various diets were utilized 
in conjunction with treadmill activity. 
Results of Experiment IV indicate that the addition of cholesterol to 
an exclusively milk diet in amounts greater than 25 mg per kilogram body 
weight creates only minor added response in plasma cholesterol concen­
tration. Results of Experiments 11 and IV show that for a specific work 
load, the immediate post-exercise heart rate is decreased by training. 
Resting heart rate is not decreased due to exercise, and the heart rate 
of trained animals returns to the pre-exercise rate much faster than that 
of untrained animals when both accomplish a specific work load. Exercise 
did not appreciably affect plasma cholesterol in animals fed either a low-
fat, high-cholesterol diet or a high-fat, high-cholesterol diet. In 
Experiment V, exercised animals fed milk, but no added cholesterol (ME), 
had a significantly higher mean plasma cholesterol concentration than 
their non-exercised counterparts (M). Increased serum cholesterol concen­
tration in response to exercise has been reported for dogs (94), rats (93) 
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and humans (79,88), Link £l, (90) found no real difference in the 
plasma cholesterol concentration of exercised and non-exercised swine, 
though the exercised animals tended to have a lower plasma cholesterol. 
The female swine in both exercised and non-exercised groups had a higher 
plasma cholesterol than males in comparable groups. Data from the goats 
in Experiment V showed no effect of sex on plasma cholesterol. 
In Experiments I, II, IV and V, goats fed a high-fat, high-choles­
terol diet had extreme hypercholesterolemia. Sacrificed animals with 
extreme hypercholesterolemia had the greatest atherosclerotic development; 
aortas from these animals stained significantly for lipid deposition. 
Gross lipid staining has been described in the abdominal aorta of non-
experimental cattle (97) and in the thoracic aorta of non-experimental goats 
(98). Aortas of the hypercholesterolemic goats from Experiment I, II, 
IV and V stained significantly in both the thoracic and the abdominal 
region. Histological sections from the sudanophilic areas of the experi­
mental goats showed a proliferated endothelial layer infiicrated with 
lipid-laden foam cells. The accumulation of foam cells ranged from one 
layer to multiple layers in thickness. These foam cells were strictly 
limited to the intima, in agreement with histological results of Wiggers 
et al. (46) and Prasad £t (98). The cells were bordered by the 
internal elastic lamina (lEL), though in some sections the lEL was 
fragmented or indistinct. Calcification of endothelial plaques was 
found only in aortas of animals from Experiment V. In Experiment V, exer­
cised animals receiving a high-cholesterol diet had more aortic athero­
sclerosis than did their non-exercised counterparts. 
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APPENDIX; TABLES AND FIGURES 
Appendix Table 1. Plasma cholesterol 
No. of 
an ileal Diet 0 
16 MG 
19 MG 80 
23 MG 48 
34 MG 1^0 
average 7 9 
17 MCG 69 
20 MCG 54 
24 MCG 75 
28 MCG 
average 66 
27 MC 28 
33 MC 
22 MC 95 
25 MC 65 
29 MC 112 
average 63 
18 MlCG 95 
21 MUCG 60 
26 MlCG 100 
30 MuCG 162 
average 104 
concentration in mg per 100 ml. Experiment I. 
Week : of experiment 
2 4 6 8 12 16 18 20 24 
184 228 256 258 259 351 336 322 280 
159 220 124 148 278 234 238 242 117 
62 140 172 246 286 248 246 
205 106 160 170 142 112 169 
142 174 178 188 241 236 208 282 198 
150 258 206 260 336 374 326 278 181 
128 240 251 346 388 330 440 550 458 
125 182 225 268 369 292 325 
188 312 282 356 S38 498 
148 248 241 284 362 384 395 442 
95 438 375 
352 265 278 256 
112 388 568 520 505 560 602 645 775 
148 750 628 396 590 390 559 728 820 
174 364 335 354 389 401 451 705 . 
176 441 437 382 495 450 537 693 798 
126 298 360 268 175 122 117 112 159 
138 124 294 156 152 115 132 148 122 
155 281 250 145. 128 150 158 
112 294 152 115 95 128 106 82 
133 249 264 171 138 129 132 114 140 
Appendix Table 2» Plasma cholesterol concentration in mg per 100 ml. Experiment II. 
No. of Week of i experiment 
animal Diet 0 2 4 6 £ 10 12 14 16 18 20 22 24 26 28 
51 MCE 139 190 232 395 4/.'> 319 541 665 718 635 963 491 1201 1244 1306 
53 MCE 216 202 155 552 600 688 7 56 780 7 58 836 1238 1150 1305 1365 1417 
59 MCE 205 210 242 459 Sl.'A 42 S -îi q 400 41A 358 S71t SOS 398 6SS 
average 3187 201 210 469 5:.9 477 536 615 367 610 924 732 1004 1002 1126 
54 MC 250 252 225 215 6^ 5 587 985 1009 889 897 1275 1190 1072 660 1100 
56 MC 262 226 275 415 5:6 49R 79«i 823 ftQft 719 694 R4S 755 624 737 
average 256 239 250 315 61 Q 542 855 916 893 808 984 1018 914 642 918 
55 HGCE 270 246 250 111 K 0 108 124 49 117 175 149 148 148 286 168 
58 HGCE 160 142 154 79 15:4 95 88 44 95 150 156 105 138 147 117 
60 HGCE 128 93 185 137 102 82 143 136 14R 90 164 98 95 
average 186 160 196 109 124 95 88 79 125 154 151 114 150 177 127 
52 HGC 200 55 184 266 £8 89 119 117 165 112 132 146 160 180 162 
57 HGC 222 202 192 77 S'£l 42 49 148 235 179 113 227 166 176 149 
61 HGC 200 109 120 88 142 145 230 182 184 229 184 110 115 124 
average 207 122 165 144 105 91 104 165 194 158 165 186 145 157 145 
Appendix Table 3. Plasma cholesterol concentration in mg per 100 ml, Experiment III. 
No. of Week cf experiment 
animal Diet Ol 02 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
225 C 62 64 36 97 94 114 78 84 110 96 99 77 74 86 80 87 68 64 53 53 45 44 
227 C 64 62 92 70 65 85 54 76 73 96 90 84 75 98 84 93 92 98 78 70 73 74 
236 C 87 78 109 118 128 112 93 90 132 104 134 lie 110 124 127 130 121 126 102 96 87 78 
240 C 66 56 104 77 98 130 95 96 114 122 126 134 124 155 158 154 142 140 136 90 62 80 
295 C 85 100 102 99 134 109 72 97 124 123 1,15 i n i  lift 117 102 102 12? 120 117 96 116 
average 73 72 99 92 10/y 110 78 89 111 108 117 98 97 116 113 113 105 lie 98 85 73 78 
218 FC 94 90 159 162 238 258 248 253 260 223 209 149 173 181 178 164 153 172 198 190 170 148 
223 FC 76 74 145 162 152 158 96 96 132 124 122 112 99 88 100 88 78 93 103 112 108 98 
244 FC 87 88 164 222 199 211 198 242 260 215 187 156 118 135 138 163 112 145 142 174 158 178 
294 FC 92 106 124 255 224 241 182 197 257 207 151 118 120 147 149 188 168 186 176 170 96 144 
298 FC 6? 66 1 1 6 14? 1 "i") RR 7 f ,  11 n Mm-L. 1?1 170 1^ 0 194 191 Ififi 12H 1 sn 
average 82 85 143 188 196 205 168 181 210 185 151 122 124 139 137 155 134 158 162 166 132 144 
Appendice Table 4 . Mean group plasma cholesterol concentration in mg per 100 ml. Experiment IV. 
Group cholesterol Exeircise 0 2 4 6 8 10 12 14 16 18 20 22 
G1 "250" - 160 290 432 468 388 312 460 385 361 328 279 288 
G1 "250" + 166 232 432 537 472 453 447 483 442 382 312 321 
G2 "250" - 200 408 431 507 534 466 565 506 456 413 332 352 
G2 "250" + 204 436 501 554 431 524 545 531 514 433 347 365 
G3 "175" - 202 456 483 461 428 445 502 474 371 308 290 302 
G3 "175" + 190 373 358 402 556 563 544 452 441 424 371 38% 
G4 "100" - 231 425 436 461 508 644 650 531 499 422 372 418 
G4 "100" + 160 337 256 334 373 478 480 406 334 342 351 280 
G5 "25" ~ 190 293 277 542 486 573 584 470 349 327 280 325 
G5 "25" + 256 346 390 415 472 440 439 423 250 302 28 9 309 
^jppendix Table 5. Pliisma cholesterol 
No. of 
animal Diet 0 12 
117 MCE 140 294 506 
118 MCE 161 300 432 
120 MCE 170 270 394 
125 MCE 161 313 512 
132 MCE 188 345 562 
134 MCE 122 269 452 
141 MCE 154 353 444 
157 30(5 472 
122 MC 94 244 407 
127 MC 130 302 478 
129 MC 117 233 406 
136 MC 94 303 491 
139 MC 117 216 258 
138 MC 178 334 565 
122 27.2 434 
121 ME 140 179 328 
123 ME 113 124 312 
126 ME 81 252 368 
133 ME 180 217 390 
135 ME 74 170 258 
142 ME 92 274 
145 ME 109 252 
113 188 312 
124 M 113 208 340 
128 M 107 232 320 
131 M 114 159 214 
137 M 74 289 33d 
140 M 70 195 224 
86 M9 280 
concentration in rag per 100 ml, Experiment V. 
Week of experiment 
3' 4 6 8 10 12 14 16 18 20 22 
461 800 897 1115 1268 1170 1152 956 1414 907 1124 
448 595 432 514 660 700 760 956 946 807 1006 
594 480 518 588 650 725 924 899 774 964 
547 750 916 1000 868 1053 890 1140 963 944 1134 
566 700 963 965 1047 971 806 948 1024 734 1145 
499 700 798 741 805 803 765 946 946 886 1067 
5 '16 700 803 815 878 1037 875 776 788 664 1136 
495 700 756 810 873 912 854 949 997 817 1082 
4 :,3 650 862 718 686 774 690 985 838 752 754 
449 700 680 636 798 835 825 1026 1092 908 1040 
448 650 686 762 881 998 825 1061 1030 1228 1057 
(RO 800 725 743 866 1032 870 987 1067 846 1092 
302 460 388 408 448 526 670 741 784 700 967 
:f,8 800 936 996 1034 901 760 994 1108 1060 1108 
470 700 713 710 786 844 773 966 986 916 1003 
290 346 340 400 392 392 504 485 456 530 462 
210 296 225 133 233 300 362 384 395 410 404 
;i78 447 340 354 328 296 430 438 434 465 410 
.'.60 441 363 344 314 327 463 496 477 460 530 
281 363 270 226 215 220 265 265 284 286 296 
;i47 312 290 291 396 395 479 461 488 444 486 
.•120 356 223 291 349 282 368 380 418 430 
:i].2 366 293 291 318 316 410 416 422 432 431 
368 501 269 420 400 380 480 415 415 432 341 
:i46 472 316 276 285 288 337 374 389 366 359 
2:86 312 227 216 186 136 208 252 240 276 285 
326 415 317 216 263 270 286 296 340 298 268 
:;37 348 290 278 296 9R9 JiflQ- 290 344 37? 
308 392 280 275 286 271 322 325 346 341 325 
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Appendix Figure 1; 
stained for lipid with Sudan IV. 
2: Luminal surfaces of the aortas from sacrificed goats from 
Experiment IV. Tissue sections have been removed for histo 
logical preparation and the aortas have been stained for 
lipid with Sudan IV. 
LOI 
Appendix Figure 3: Luminal surfaces of the posterior 
abdominal aortas from sacrificed 
rr<-\of-C f vrvTD PvOATimPrit" V- TtSSUG 
sections have been removed for 
histological preparation and the 
aortas have been stained for lipid 
with Sudan IV. Note the large 
raised lesions in all three MCE 
aortas and one lesion which has 
been sectioned in the center MC 
aorta. 
